Abstract This paper is first attempt to measure and analyze inflation uncertainty in Pakistan and it provides several contributions. Using quarterly data from 1976:01 to 2008:02, at first stage we model inflation uncertainty as time varying process through GARCH framework. At second stage asymmetric behavior of inflation uncertainty is analyzed by using GJR-GARCH and EGARCH models, for further analysis of asymmetry and leverage effects, we developed news impact curves proposed by Pagan and Schwert (1990). Finally we investigate the causality and its direction between inflation and inflation uncertainty by using bivariate Granger-Causality test to know which inflation uncertainty hypothesis (Friedman-Ball or CukiermanMeltzer) holds true for Pakistani data.
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Introduction
Inflation is undoubtedly one of the most largely observed and tested economic variable both theoretically and empirically. Its causes, impacts on other economic variables and cost to the overall economy are well known and understood. One cannot say with certainty whether the Inflation is good or bad for an economy but if the debate focuses on inflation uncertainty or inflation variability instead of just inflation, economists have almost consensus about its negative impact over some of the most important economic variables, like output and growth rate via different channels.
Inflation uncertainty is considered as one of the major cost of Inflation as it not only distort the decisions regarding the future saving and investment due to less predictability of real value of future nominal payments, but also extends the adverse affects of these distortions on the efficiency of resource allocation and the level of real activity. (Fischer 1981 , Golob 1993 , Holland 1993b Decision Variables Channel where Inflation uncertainty leads to uncertainty about interest rate and other economic variables, due to which economic agents would not be able to index contractual payments according to Inflation, which in turn increases uncertainty about wages, rent, taxes, depreciation and profits and firms will be forced to delay their hiring, production and mainly investment because these decisions are unlikely to reverse, thus reducing the overall economic activity. Third channel is Productive vs. Protective Strategies channel where Inflation uncertainty forced firms to shift their allocation of resources from more productive to less productive uses such as improved forecast about inflation and hedging activities via derivatives to cop up increased uncertainty. Firm's resources will divert from productive strategies to protective actions which are more costly for small enterprises and households (Golob 1994) . Ex-post effects of inflation uncertainty include transfer of wealth due to under or over valuation of real payments versus nominal payments which disturbs the status quo between Employer and Employee, Lender and borrower. (Blanchard 1997) However, the relationship between Inflation and Inflation uncertainty is still debatable as high inflation cause uncertainty or uncertainty cause high inflation. Friedman (1977) was the first who formalized the relationship between Inflation and Inflation Uncertainty and he strongly supported the causality running from inflation to inflation uncertainty which is generally known as Friedman-Ball Hypothesis. This hypothesis has also been extensively studied by many authors and the overall results are mixed. Ball and Cecchetti (1990 ), Cukierman and Wachtel (1979 ), Evans (1991 , and Grier and Perry (1998), among others, provide evidence in support of a positive impact of the average rate of inflation on inflation uncertainty. Grier and Perry (1998) found that in all G7 countries inflation has a significant and positive effect on inflation uncertainty. Hafer(1985) also tested the Friedman's hypothesis that high inflation uncertainty leads to higher level of unemployment, lower level of output and slower growth in employment, by considering standard deviation of quarterly inflation forecasts obtained through the ASA-NBER survey of professional forecasters, as a proxy for Inflation uncertainty.
On the other hand the causality running in opposite direction from Inflation uncertainty to Inflation can be considered as Cukierman-Meltzer hypothesis.
( Cukierman-Meltzer 1986 , Holland 1995 . There are, however, some evidences in support of this hypotheses as well, like Baillie et al (1996) for UK, Argentina, Brazil and Israel and Grier and Perry (1998) for Japan and France.
There is also a debate on the origin of Inflation uncertainty. One school of though believe that monetary policy has an important role in determining inflation uncertainty as it comes in fact from the uncertainty of monetary policy regime, which they called as "Regime Uncertainty". According to Ball (1990) when there is high inflation, the policymakers face a dilemma; on the one hand they would like to reduce inflation but on the other hand they fear that it would trigger the recession in the economy, and because the general public is unaware about the taste of policymakers, they will be highly uncertain about the future course of inflation (Ball's 1992 , Okun 1971 , Friedman 1977 . This uncertainty increases further, due to the announcement of unrealistic stabilization programs by governments when there is a surge of high inflation (Fischer and Modigliani 1978) . Second school of thought believes that inflation uncertainty arises because of unknown magnitude of a change in price level due to a given change in money supply (Holland 1993a Grier and Perry (1998) for G7 countries, Grier and Grier (1998) for Mexican Inflation, Magendzo (1998) for Inflation in Chile, Fountas et al (2000) for G7 countries , and Kontonikas (2004) for UK. All these studies modeled inflation uncertainty through GARCH model in one or other way.
The major drawback of ARCH or GARCH models is that both models assume symmetric response of conditional variance (uncertainty) to positive and negative shocks. However, it has been argued that the behavior of inflation uncertainty is asymmetric rather than symmetric. Brunner and Hess (1993) , Joyce (1995), Fountas et al (2006) , Bordes et al (2007) are of the view that positive inflation shocks increases inflation uncertainty more than the negative inflation shocks of equal magnitude. If this is correct, the symmetric ARCH and GARCH models may provide misleading estimates of inflation uncertainty [Crawford and Kasumovich, 1996] . The three most commonly used GARCH formulations to capture asymmetric behavior of conditional variance , are the GJR or Threshold GARCH (TGARCH) models of Glosten, Jagannathan and Runkle (1993) and Zakoïan (1994) , the Asymmetric GARCH (AGARCH) model of Engle and Ng (1993) , and the Exponential GARCH (EGARCH) model of Nelson (1991) .
The second objective of this study is to model and analyze asymmetric behavior of inflation uncertainty in Pakistan, if it exists, at all. We use GRJ-GARCH and EGARCH models to capture leverage effects and also estimate "news impact curve"
for further analysis of asymmetric behavior of inflation uncertainty.
Third purpose of this study is to check the causality and its direction between inflation and inflation uncertainty by using bivariate Granger-Causality test. This portion is carried out specifically to know which inflation uncertainty hypothesis (FriedmanBall or Cukierman-Meltzer) holds true for Pakistani data. We follow the two step procedure suggested by Grier and Perry (1998) We used quarterly data because of its additional relevance and usability in the context of Inflation in less developed countries as observed by Ryan and Milne (1994) 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 Inflation Rate M2 Growth Rate Real GDP Growth Rate
For further insight we broke the data into seven sub-samples each consist of 20-quarters, except the first and last sub-samples which are consist of 12 and 14 quarters respectively (Table 1) . The Johansen test statistics (Table 4) show rejection for the null hypothesis of no cointegrating vectors under both the trace and maximal eigenvalue forms of the test.
Moving on to test the null of at most 1 cointegrating vectors, the trace statistics is 21.87, while the 5% critical value is 20.26, so the null is just rejected at 5% (and not rejected at 1%). Finally examining the null that there are at most 2 cointegrating vectors, the trace statistic is now well below the 5% critical value, suggesting that the null should not be rejected, i.e. there are at most two cointegrating vectors. ሺ1 ‫ݎ‬ 2ሻ.
We also applied Engle-Granger(EG) approach to test the cointegrating relationship among variables, according to which equilibrium errors of cointegrating regression must be stationary for the variables to be cointegrated in long run.
ൌ Equation 1
Estimated long run coefficients of ‫ܩ2ܯ‬ ‫ݐ‬ and ‫ܩܴ‬ ‫ݐ‬ calculated from equation 1 are reported in table 5. Unit root tests of ߝ ‫ݐ‬ , obtained from equation 1, are given in Table 6 indicating that residuals of cointegrating regression are I(0) according to ADF and PP test at 10%
and 5% respectively. However we cannot reject the presence of unit root in the residuals of cointegrating regression if we introduce trend term. 
Where equation 2 represents conditional mean of Inflation at time t which depends upon the information set at time period t-1 ሺ߰ 
Equation 4
Where ࢻ 0, ࢻ ൌ , , … … . , ࢼ ൌ , , … … . ,
GARCH is more parsimonious compared to ARCH as with only three parameters it
allows an infinite number of past squared errors to influence the current conditional variance, Chris Brooks (2002), and is less likely to breach non-negativity constraints, but the primary restriction of GARCH is that it enforce a symmetric response of volatility to positive and negative shocks. According to Brunner and Hess (1993) and Joyce (1995), a positive inflation shock is more likely to increase Inflation uncertainty via monetary policy mechanism, as compared to negative inflation shock of equal size. If it is true then we cannot rely on the estimates of symmetric ARCH and GARCH models and will have to go for asymmetric GARCH models. Two popular asymmetric formulations are GJR model, named after the authors Glosten,
Jagannathan and Runkle (1993) and the exponential GARCH (EGARCH) model
proposed by Nelson (1991) .
GJR-GARCH is simply an extension of GARCH(p,q) with an additional term to capture the possible asymmetries (leverage effects). The conditional variance is now
Where ‫ܫ‬ ‫ݐ‬െ1 = 1, if ߝ ‫ݐ‬െ1 < 0, otherwise ‫ܫ‬ ‫ݐ‬െ1 = 0. If the asymmetry parameter ߛ is negative then negative inflationary shocks result in the reduction of inflation uncertainty. (Bordes et al. 2007) The exponential GARCH model was proposed by Nelson (1991) . There are various ways to express the conditional variance equation, but one possible specification is
EGARCH model has several advantages over the traditional ARCH and GARCH specifications. First, variance specification represented in equation 6 makes it able to capture the asymmetric effects of good news and bad news on volatility, which is preferable in the context of Inflation and Inflation uncertainty. Second, since the ‫݄݈݃‬ ‫ݐ‬ is modeled, then even in the presence of negative parameters, ݄ ‫ݐ‬ will be positive thus relieving the non-negativity constraints artificially imposed on GARCH parameters.
Estimation and Results

Construction of Mean Equation
Though the initial unit root tests and cointegration analysis show that ߨ ‫ݐ‬ , ‫ܩ2ܯ‬ ‫ݐ‬ and ‫ܩܴ‬ ‫ݐ‬ are stationary and they might be cointegrated in the long run, still the results are not highly significant and we have equal reasons (rejection of null of unit root at 10% significance level) to formulate a model in the original form of variables instead of their detrended series. We choose to model inflation in autoregressive distributed lag (ADL) form:
Where ߜሺ‫ܮ‬ሻ, ߠሺ‫ܮ‬ሻ, and ߮ሺ‫ܮ‬ሻ are appropriate lag polynomials of ߨ ‫ݐ‬ , ‫ܩ2ܯ‬ ‫ݐ‬ , and ‫ܩܴ‬ ‫ݐ‬ respectively. There are strong evidences that Inflation in Pakistan is a monetary phenomenon, Qayyum (2006) , Kemal(2006) strongly suggested that excess money supply growth has been a significant contributor to the rise in inflation in Pakistan.
Khalid (2005) The reason for the inclusion of autoregressive term ߜሺ‫ܮ‬ሻߨ ௧ is straight forward.
Inflation, like many other economic variables, has shown strong inertia in various studies. There may be many reasons for this inertia like inability of market agent to interpret and respond timely after an arrival of a particular announcement or news, or the probability of uncertainty attached with that news or the overreaction of market participants by following the herd behavior. In case of presence of strong inflationary inertia, as it is evident from many studies, we expect ‫ݏߜ‬ to be positive and highly significant.
The optimal number of lags is obtained by using Akaike and Schwartz information criteria (AIC) and (BIC) and in that case it is one, both for autoregressive term and distributed lag term, so we finalized ADL(1, 1) model to estimate mean inflation.
Regression results of equation 8 are reported in table 7: Note:***,**,* respectively indicates rejection of the null at 1%, 5% and 10% significance levels.
After introducing AR specification of residuals, we found no evidence of serial correlation in DW Stat, Breusch-Godfrey test and Ljung Box Q-Statistics (reported in table 9). R-Square also improved by about 4% due to inclusion of autoregressive components of errors. 
Estimation of Uncertainty
As far as variance equation is concerned, we didn't find any ARCH model from ARCH(1) to ARCH(4) with significant estimated parameters along with conformity of constraints imposed on ARCH(p) process, so we decided to go for GARCH estimation. Table 10 provides the results of 2 different models. F-Stat 82.50290*** 85.38659*** Note:***,**,* respectively indicates rejection of the null at 1%, 5% and 10% significance levels.
Tests for Asymmetries in Volatility:
Engle and Ng (1993) have devised a set of tests to confirm the asymmetry present in volatility, if any. These tests are generally known as Sign and Size bias tests. We used these tests to determine whether an asymmetric model is required to capture the inflation uncertainty or whether the GARCH model can be an adequate model.
We applied sign and size bias tests on the residuals of GARCH(1, 1) (Model 02) whose mean and variance equations are given below
The test for sign bias is based on the significance or otherwise of ߶ 1 in equation 10.
Where ‫ݒ‬ ‫ݐ‬ is an iid error term. If the impact of positive and negative inflation shocks is different on conditional variance, then ߶ 1 will be statistically significant.
It is most likely, especially in case of inflation that the magnitude or size of the inflation shock will affect whether the response of volatility to shock is symmetric or not. Engle and Ng originally suggested a negative sign bias test, based on a regression where െ െ is now used as a slope dummy variable. Negative sign bias is argued to be present if ߶ 1 is statistically significant in the euqtion 11.
However we made little change in that and conducted the above test as positive sign bias test additionally. statistics is ܴܶ ଶ which will asymptotically follow a ߯ 2 distribution with 3 degrees of freedom under the null hypothesis of no asymmetric effects. 1.566024*** ܴܶ ଶ 8.92332** Note:***,**,* respectively indicates rejection of the null at 1%, 5% and 10% significance levels.
The individual regression results of Sign bias test and negative sign bias test doesn't reveal any evidence of asymmetry as the value of ߶ 1 is insignificant. But we can see that the coefficient indicating the positive sign bias is significant in individual as well as in joint test. In addition, although none of the other coefficients except ߶ 3 are significant in the joint regression, the ߯ 2 test statistic is significant at 5%, suggesting a rejection of the null hypothesis of no asymmetries.
The above results lead us to go for asymmetric GARCH models instead of symmetric and in table 12 we report the results of 3 asymmetric GARCH models. Results from GJR-GARH (Model 3 and 4) confirmed that these models are successful in modeling asymmetric (leverage effects) of lagged inflation shocks on one period ahead conditional variance. From both models we obtained the negative values of ࢽ as expected, thus concluding that negative inflation shocks (good news) reduce inflation uncertainty. On the other hand the value of ࢽ is positive and significant in EGARCH estimation (Model 5) suggesting that when there is an unexpected increase in inflation, resulting positive inflation shocks (bad news), inflation uncertainty increases more than when there is a unanticipated decrease in inflation.
News Impact Curves
For further investigation of asymmetric behavior of inflation uncertainty, we analyzed the effects of news on volatility or inflation uncertainty with the help of "News Impact Curve". By keeping constant all the information at t-2 and earlier, we can examine the implied relation between ߝ ‫ݐ‬െ1 and ݄ ‫ݐ‬ which we called as "News Impact
Curve". It is a pictorial representation of the degree of asymmetry of volatility to positive and negative shocks and it plots next period uncertainty ݄ ‫ݐ‬ that would arise from various positive and negative values (news) of past inflation shocks (ߝ ‫ݐ‬െ1 ) [Pagan and Schwert, 1990] . For the GARCH model, this curve is a quadratic function centered at ߝ ‫ݐ‬െ1 ൌ 0. The equations of News impact curve for the GARCH, GJR-GARCH and EGARCH models are provided in table 13. 
Source: Eric Zevot (2008), "Practical Issues in the Analysis of Univariate GARCH Models"
Where ݄ ‫ݐ‬ is the conditional variance at time t, å ‫ݐ‬െ1 is inflation shock at time t-1, ó ത is the unconditional standard deviation of inflation shocks, á ‫‬ and â 1 are constant term and parameter corresponding to ݄ ‫ݐ‬െ1 in GARCH variance equation respectively.
The resulting news impact curves for GARCH, GJR-GARCH and EGARCH models are given in figure 5. 
Conclusion
This study provides several interesting results. First of all we estimated inflation uncertainty as time varying conditional variance of inflation shocks and found performance of asymmetric GARCH models (GJR-GARCH and EGARCH) better than simple GARCH models. GJR-GARCH estimates negative and significant value of "leverage effect" parameter which suggests that negative shocks of inflation tends to decrease next period uncertainty, this conclusion is also supported by the results of EGARCH models.. News Impact curves graphically reflect the asymmetric behavior of inflation uncertainty from GJR-GARCH and EGARCH models. Finally bivariate Granger-Causality test strongly support Friedman-Ball hypothesis for GJR-GARCH and EGARCH models, i.e. high inflation causes inflation uncertainty and that the causality is running from inflation to inflation uncertainty. We do not find any evidence in support of Cukierman-Meltzer hypotheses. 
